The method of mathematical planning of experiments has been used to determine the optimal conditions for the formation of a two-component organosilica with various compositions modified by metal ions (Cu II , Zn II ) sorbed from their water-ammonia solutions. Through this method, modified forms of silico-polymethylsiloxanes (SG-PMS) containing 1-30 mg/g Cu II ion [SG-PMS(Cu)] and 3-40 mg/g Zn II ion [SG-PMS(Zn)] were synthesized and their adsorption/structural characteristics established. The sorptive capacity of the organosilica sorbents and their modified forms towards pathogenic microflora (E. coli, S. aureus, P. aeruginosa), which depend on the concentration of the modified component, the pH of the medium and the sorptional composition, has been evaluated.
INTRODUCTION
Adsorption methods for purifying water and biological media from toxic substances of an exoand endo-genic nature have become of importance because of the negative influence on the environment and biosystems caused by ecological catastrophes. The best means for solving this problem appear to be the synthesis of new sorptional materials with predetermined sorptional and bactericidal properties capable of removing harmful proteinaceous substances (pathogenic microflora, toxins, etc.) by selective sorption. One method of synthesizing more powerful bactericidal sorbents would be to modify sorptional materials by the introduction of Cu II , Zn II and other ions. Sorbents covered with these ions have demonstrated increased bactericidal characteristics in previous studies (Uilyams 1975; Ilin 1987) .
Modification of carbon materials (granulated activated coal, fibre, etc.) by ions such as Cu II , Zn II , Fe III and Al III is known to increase the adsorption of pathogenic microorganisms (intestinal bacilli such as E. coli, golden staphilococcus, S. aureus, etc.) (Grigorev et al. 1991; Bautista-Toleda et al. 1998) . In this case the inhibiting effect towards pathogenic microflora is achieved using smaller salt concentrations of sorbable copper and zinc ions than necessary for the bacteriostatic effect (Grigorev et al. 1990 ). Sorptive materials based on activated coal or zeolite with Cu II ion addition possess definite bactericidal capacities (Suidzi et al. 1989 ).
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A comparative analysis of various silica-containing materials (silica gel, aerosil, organosilica polymers) showed that hydrophobic organosilica occupies a specific place in this series and has a higher sorptive activity towards harmful microorganisms (Shevchenko et al. 1984; Yatzimirskii et al. 1986; Grigorev et al. 1998) . According to these various workers, the introduction of Cu II and Zn II ions into the siloxane chain of a hydrophobic polymethylsiloxane during gel formation led to the development of coordinatively unsaturated centres which exhibited increased complexation between such sorbents and proteins and facilitated the fixation of microbe cells on to the sorbent. Bactericidal adsorptive materials based on polyorganosiloxanes with 3d metals incorporated into the polymeric matrix during gel formation were found to be capable of removing E. coli from liquid biosubstrates (Yashina and Shevchenko 1997) .
In contrast to hydrophobic polymethylsiloxane and hydrophilic silica gel, two-component organosilicas are not just mechanical mixtures but actually exist as co-precipitated copolymer systems with silanolic and methylsilyl groups alternating regularly on their surfaces, i.e.
The ratio of such groups may be controlled during the synthesis, thereby determining the nature of the porous structure and the surface chemistry of these modified materials (Slinyakova and Denisova 1988) . Both hydrophilic and hydrophobic surfaces with an intrinsic mesoporous structure as well as amphoteric surface-active hydroxy groups enable various specific interactions with adsorbates (hydrogen-bond formation, complexation, ion exchange, etc.). This method also suggests the possible modification of organosilica with simple metal complexes by allowing their solutions to contact various sorbates (Strelko et al. 2001) , since their introduction during hydrogel co-precipitation complicates the preparation of specific adsorbents. This method of covering sorptional materials with metal ions to yield materials exhibiting bactericidal properties allows an increase in their adsorption efficiency towards pathogenic microorganisms of a proteinaceous nature. Additionally, and in contrast to polymethylsiloxane, this method is unlikely to result in a decrease in the structural characteristics of the adsorbent (specific surface area, pore volume) during modification. This is an extremely important fact in the purification of water and biological media from proteinaceous substances and harmful microorganisms.
The data obtained on the influence of the surface chemistry of organosilica and its Cu II -modified form on protein adsorption (Denisova et al. 1999 ) and the possible application of such synthetic sorbents for the purification of water from cholera vibrion (Khalyavka et al. 1998 ) suggest promising perspectives for the usage of metal-containing organosilicas for the extraction of harmful microorganisms from water and biological media.
The present work explores the optimal conditions for preparing two-component organosilicas modified by Cu II and Zn II ions by sorption from their water-ammonia solutions and the investigation of their properties, as well as an assessment of their sorption abilities towards various pathogenic microorganisms.
EXPERIMENTAL
A known technique (Slinyakova 1978) has been employed to obtain modified forms of twocomponent organosilicas, i.e. silico-polymethylsiloxanes (SG-PMS), containing various ratios of hydrophilic and hydrophobic components (30:70 wt%, 50:50 wt% and 70:30 wt%, respectively).
For this purpose, silico-polymethylsiloxane containing 30:70 wt% Al was obtained via the modification technique developed by ourselves (Strelko et al. 1998 ) employing hydrogel precipitation in the presence of 2 wt% and 4 wt% aluminium. The content of Cu II and Zn II ions in water-ammonia solutions before and after sorption by the organosilicas of different composition was determined by atomic absorption methods using a PU 9-800 Philips spectrophotometer, while the pH values of solutions of the metal ammoniate were measured using a universal EV-74 ionomer. A chromatographic method was employed to determine the specific surface area of the sorbent using a Tsvet gas chromatograph. The corresponding pore volumes of the materials towards benzene and water were estimated via gravimetric methods while the pH of the suspension and the point of zero charge (PZC) of the surface were determined using techniques described earlier (Denisova et al. 1999) .
The sorptional activity of Cu II -and Zn II -containing organosilica towards pathogenic microorganisms was studied using the gram-positive microorganism E. coli and the gram-negative microorganisms S. aureus and P. aeruginosa in a 0.15 M NaCl solution employing the standard technique for determining microorganisms in nutrient media approved by the World Health Organization. The sorption levels of the microorganisms at pH values of 3.2 and 7.4 were calculated from the formula A (%) = (K -Q)/K × 100, where K is the quantity of the microorganism colony grown in the control medium and Q is the quantity of the microorganism colony grown after contact with the sorption material. The determination errors in the adsorption levels obtained from three parallel tests were not greater than 10%.
RESULTS AND DISCUSSION
The method of mathematical planning of an experiment (Spiridonov and Lopatkin 1970; Adler et al. 1976 ) was used to select the sorption conditions for Cu II and Zn II ammoniates and for synthesizing organosilica sorbents modified by such metal ions. When used for multifactor systems, this method allows the number of tests in a given experiment to be decreased and leads to the optimization of the adsorption conditions in the systems under investigation. We have found that equilibrium conditions for SG-PMS-Cu(NH 3 ) 4 2+ and SG-PMS-Zn(NH 3 ) 4 2+ systems were attained within 0.5 h and 2.0 h, respectively, irrespective of the adsorbent composition. The adsorption values (in mg/g) of Zn II and Cu II ammoniates towards 30:70 wt% SG-PMS(Al) and 50:50 wt% SG-PMS were selected as optimization parameters (Y). Earlier investigations (Denisova and Prilipko 1993) showed that the adsorption of Cu II ammoniate on to 30:70 wt% SG-PMS was considerably smaller than on to organosilicas with hydrophilic and hydrophobic component ratios of 50:50 wt% and 70:30 wt%. Adsorption differed only slightly for the latter and a linear dependence of the hydrophilic and hydrophobic ratio effect on the adsorption of Cu II ammoniate was not observed. This was confirmed by data concerning the influence of the composition of the organosilica sorbent on the sorption of Zn II ammoniates from aqueous solutions ( Table 1) . The data recorded demonstrate that when the hydrophilic component content was greater than 50 wt%, the influence of the adsorbent composition was insignificant.
Thus, three factors having a maximum effect on Cu II ion adsorption from water-ammonia solutions were chosen as independent variables: X 1 , the concentration of the modifying metal ion complex (mol/l); X 2 , the solid/liquid phase ratio (S/L); and X 3 , the pH value of the modifying reagent solution. The experiments were randomized in time, the corresponding boundary levels of the variables and a matrix for the mathematical planning of experiments being given in Table 2 . Using the experimental data from only eight tests, values of the regression coefficients for X 1 , X 2 and X 3 were calculated and their significance determined via the Student criterion. The compliance of regression equations (1), (2), (3) and (4) was assessed by the Fisher criterion (Adler et al. 1976 ). The following regression equations for the adsorption of Cu II ammoniates [equations (1) and (2)] and Zn II ammoniates [equations (3) and (4) 
From such analysis, it is obvious that the regression equations for the adsorption of Cu II and Zn II ammoniates on the sorbents investigated, which correspond to the incomplete quadratic model, adequately describe the experimental data and may be interpreted as follows. The greatest influence on the adsorption of metal ammoniates was the concentration of modifying reagent employed, whose increase led to an increase in adsorption. The adsorption of the metal ammoniates increased with a decrease in the solid/liquid phase ratio and the pH. The influence of the last factor on adsorption was much less than that of the first two factors (X 1 and X 2 ). The influence of the nature of the adsorbate was exhibited by the greater adsorption values for Cu II ammoniate on organosilica relative to that of Zn II ammoniate. This was also demonstrated by the greater values of the X 1 , X 2 and X 3 coefficients and also the greater influence of the pH of the medium on the adsorption process. It should be noted that the magnitude of the factors X 1 , X 2 and X 3 lead to identically signed coefficients for 50:50 wt% SG-PMS [equations (1) and (3)] and its associated Al-modified form [equations (2) and (4)]. The observed differences in the absolute values of the regression coefficients for the two sorbents may be explained by differences in their surface chemistries. Thus, introducing aluminium into a siloxane matrix results in the displacement of the electron density of the silicon atom and the generation of a fixed negative charge on the surface. This is also associated with an increase in the proton and donor properties of the surface hydroxy groups (Strelko et al. 1998) .
The data obtained by the method of mathematical planning of experiments may be confirmed by the adsorption isotherms of Cu II ammoniate on organosilica sorbents (Denisova and Prilipko 1993) , where a saturation plateau was not found for 30:70 wt% SG-PMS(Al) and where the highest adsorption values for Cu II ammoniate was observed at the highest concentrations of the latter. Denisova and Prilipko (1993) also showed that the adsorption of Zn II from water-ammonia solutions on to the aluminium form of a given organosilica was almost five-times greater than on the initial unaluminated adsorbent (Table 1) .
The study of the influence of various factors on the adsorption of Cu II ammoniate on to organosilica has enabled the optimal conditions for the modification of the latter by metal ions to be determined and has enabled the development of a scheme for preparing Cu II -and Zn II -containing forms of organosilica polymers. The optimal conditions necessary for obtaining a covering of metal ammoniates on such sorbents are: solid/liquid phase ratio, 1:50; pH, 10.6; contact time between the solid and liquid phases, 30 min (Cu II complex) or 2 h (Zn II complex); initial concentration of modifying reagent dependent on the necessary amount of metal ions for complete coverage of the adsorbent surface.
The insignificant decrease in the pH value of metal ammoniate solutions after their contact with organosilica sorbents (ca. 0.3-0.6 pH units) and the non-linear dependence of such on the ratio of silanol to organic groups in the sorbent composition demonstrate that local specific interaction occurred between the metal ammoniates and surface hydroxy groups. In view of the amphoteric nature of the latter and the fact that the pH corresponding to the point of zero charge for the surfaces of organosilicas with various compositions occurred within the range 4.5-6.5, it is more probable that complex Cu II and Zn II cations interact with the deprotonated silanol groups of the organosilica (SiO -) in alkaline solutions.
It is also relevant that, when sorbents with immobilized metal ammoniates are heat-treated at 180-200ºC, substitution of ammonia by softer ligands (containing oxygen atoms) occurs in the coordination sphere surrounding Cu II and other ions, as demonstrated by the corresponding diffuse reflectance spectra (Denisova and Prilipko 1993) and other data (Ichikava et al. 1981) . This leads to coordinate binding of the metal ions to the organosilica surface.
Arising from the above, it is suggested that schemes for obtaining Cu II -and Zn II -containing organosilicas must include the following stages: treatment of the organosilica with water-ammonia solutions of metal ions, washing the resulting material with water, filtration and heat treatment at 180-200ºC. Using such a scheme, we have synthesized organosilicas modified with various Cu II ion contents (1.0-30.0 mg/g) and Zn II ion contents (3.8-40.0 mg/g). The adsorption and structural characteristics of these materials have been measured and the corresponding data are incorporated in Table 3 . It has been shown that modification of organosilicas with metal ions did not change their porous structure parameters (specific surface area, pore volume, etc.). The tendency of the point of zero charge of the surface to increase when the sorption materials were modified linked with the decrease in the extent of water sorbed by their pores demonstrated a change in the surface chemistry brought about by complexation between Cu II ions and silanol groups on the surface of the organosilica.
Studies of the adsorption capacities of the sorbents investigated and their modified forms towards pathogenic microorganisms of various kinds have shown that the unmodified organosilica is itself capable of sorbing 40-60% pathogenic microorganisms (Table 4 ). Hence, hydrophilic silanol groups (Si-OH) sited locally on the surface of the organosilica and alternating with methylsilyl groups (Si-CH 3 ) act as active centres for the formation of hydrogen bonds with nitrogen-and oxygencontaining groups in the structures of the bacteria capsules. Of the various organosilicas studied, the most effective was that containing a 50:50 wt% ratio of hydrophilic and hydrophobic components. When the hydrophilic content was increased up to 70 wt%, the surface hydroxy groups became capable of forming hydrogen bridges between each other and thereby reduced the number of active centres capable of interacting with adsorbates. When the content of the hydrophilic component in the structure was decreased down to 30 wt% and the hydrophobic component correspondingly increased up to 70 wt%, it became somewhat difficult for microorganisms to approach the surface of the adsorbent because of the influence of steric factors. It was shown that modification of organosilica by Cu II and Zn II ions resulted in an increase in the sorption capacity of the adsorbent towards microorganisms of various kinds (see data in Table 4 ). However, the adsorption levels for Cu II ion-containing organosilica were on average up to 30% greater than for Zn II ion-containing forms and were capable of removing 81-98% bacteria depending on their nature and the pH value of the medium.
Such additional adsorption of microorganisms possibly occurs through complexation between the Cu II ion and the amino groups of protein molecules included in the composition of the microorganisms, as well as to the neutralization of charges associated with the sorbed materials (Williams 1991; Ijochi et al. 1987) . The results reported for the adsorption of microorganisms of different natures on Cu II ion-modified organosilica correlate with those for the adsorption of proteins (albumin, trypsin, etc.).
The results reported in this study indicate that the adsorption abilities of two-component organosilica (SG-PMS) towards pathogenic microorganisms in 0.15 M NaCl follow the order: 30:70 wt% < 70:30 wt% < 50:50 wt% whereas the metal ion-containing forms of the same follow the order: Al III < Zn II < Cu II .
The data listed in Table 5 demonstrate that the inhibiting effect of 50:50 wt% SG-PMS (adsorption level 69-76%) became apparent when only small amounts of Cu II ion (1.0-4.8 mg/g) had been added as a modifier. This observation is important for the practical application of bactericidal adsorbents.
The simplicity of the method employed for synthesizing organosilicas with bactericidal properties, which only involves small amounts of modifying reagents and does not use complicated equipment, provides an effective method for purifying aqueous, water-salt and biological media in medicine and ecologically.
